Comparative time-course studies of glycogen synthesis from glucose 6-phosphate, glucose 1-phosphate and UDP-glucose show that glucose 1-phosphate formns glycogen at an initial rate faster than that obtained with glucose 6-phosphate and UDP-glucose. After 5min. the rates from glucose monophosphates are considerably slower. 2,4-Dinitrophenol decreases glycogen synthesis from both glucose monophosphates, whereas arsenate and EDTA increase glycogen synthesis from glucose 1-phosphate and inhibit the reaction from glucose 6-phosphate, galactose and galactose 1-phosphate. Mitochondria-free pigeon liver cytoplasmic fraction forms less glycogen from glucose monophosphates than does the whole homogenate.
Comparative time-course studies of glycogen synthesis from glucose 6-phosphate, glucose 1-phosphate and UDP-glucose show that glucose 1-phosphate formns glycogen at an initial rate faster than that obtained with glucose 6-phosphate and UDP-glucose. After 5min. the rates from glucose monophosphates are considerably slower. 2,4-Dinitrophenol decreases glycogen synthesis from both glucose monophosphates, whereas arsenate and EDTA increase glycogen synthesis from glucose 1-phosphate and inhibit the reaction from glucose 6-phosphate, galactose and galactose 1-phosphate. Mitochondria-free pigeon liver cytoplasmic fraction forms less glycogen from glucose monophosphates than does the whole homogenate.
2-Deoxyglucose 6-phosphate inhibits glycogenr synthesis from glucose monophosphates. Glycogen formation from UDP-glucose is relatively unaffected by dinitrophenol, by arsenate, by EDTA, by 2-deoxyglucose 6-phosphate and by the removal of mitochondria from the whole homogenate.
In the preceding paper (Nigam & Fridland, 1967) , conditions for the maximum incorporation of glucose 'into glycogen by the pigeon liver homogenates were established and the effects of a number of factors on glycogen synthesis were described. The present paper killed by decapitation and were allowed to bleed. Liver homogenates (20%) were prepared in cold 0-25m-sucrose as described in the prpeeding paper (Nigam & Fridland, 1967) .
Incubation procedure and procedure for the i8okati of glycogen. These were the same-as described in the preceding paper (Nigam & Fridland, 1967) . The amount of each labelled substrate added was 5,moles/ml. of reaction mixture and contained approx. 45000counts/min. The substrates were added in 0-05 ml. volume after dissolution in 0-25M-sucrose.
Determination of gluco8e 6-pho8phate and gluco8e 1-pho8phate. Glucose phosphates were determined in suitable samples of neutral HCl04-treated digests. The reaction mixture contained (in 3ml.): glycylglycine buffer, pH7-4, 150/,moles; MgCl2, 15,umoles; cysteine hydrochloride, pH7-0, 30 pmoles; NADP+, 3,umoles; glucose 6-phosphate dehydrogenase (EC 1.1.1.49), 1 unit. The increase in E340 after the addition of glucose 6-phosphate dehydrogenase gave the amount of glucose 6-phosphate. The further increase in F340 after the addition of phosphoglucomutase (EC 2.7.5.1) gave the amount of glucose 1-phosphate in the digest.
A88ay of phosphoglucomuta8e. Phosphoglucomutase activity was determined as described in the preceding paper (Nigam & Fridland, 1967 
RESULTS
Glycogen synthes8s from glUcose, glucose 6-pho8phate, glucose 1-phosphate and UDP-glucose. Fig. 1 shows the rates of glycogen synthesis from glucose, glucose 6-phosphate, glucose 1-phosphate and UDP-glucose. Both glucose monophosphates were converted into glycogen at an initial fast rate. During this period, the rate of glycogen synthesis from glucose 1-phosphate was higher than that from UDP-glucose. After 5min. the rates of glycogen synthesis from glucose monophosphates diminished significantly. It was also observed that, after IOmin., only a trace of glucose 1-phosphate could be detected in the reaction digests and the concentration of glucose 6-phosphate had decreased to onetenth the initial concentration of the glucose monophosphate added. Glycogen synthesis from glucose and UDP-glucose increased with increase in the time of incubation such that for later periods (after 15min.) the rate was higher from glucose and UDP-glucose than that obtained from glucose monophosphates.
Rat liver homogenates do not give sizable incorporation of glucose into glycogen (Nigam & Fridland, 1964) . When glucose monophosphates and UDP-glucose were used in place of glucose, it was observed that rat liver homogenates formed only 8-10% of glycogen from glucose monophosphates and up to 40% from UDP-glucose compared with that formed by the pigeon liver homogenates with the respective substrates (Table 1 ). Prior addition of rat microsomal fraction decreased the synthesis of glycogen from glucose monophosphates in the pigeon liver homogenates. Pigeon liver microsomal fraction did not exhibit this property. The addition of rat microsomal fraction to pigeon liver homogenate had no effect on glycogen synthesis from UDP-glucose (not shown).
Effect of 2,4-dinitrophenol on glycogen synthesis from glucose monophosphates and UDP-glUcose. Dinitrophenol is known to abolish glycogen synthesis from glucose in the pigeon liver homogenates (Nigam & Fridland, 1964) . Formation of glycogen from glucose 6-phosphate was also greatly decreased by dinitrophenol (Table 2) . On the other hand, with glucose 1-phosphate and UDP-glucose as substrates, the decreases due to dinitrophenol were 60-70% and 10% respectively ( Table 2 ). Addition of UTP (5 ,umoles) along with phosphoenolpyruvate (5 ,tmoles) did not increase glycogen synthesis from the glucose monophosphates either in the presence or absence of dinitrophenol.
Effects of sodium arsenate and EDTA on glycogen synthesis from glucose 6-phosphate and glucose 1-phosphate. Although sodium arsenate (5mM) greatly decreased the incorporation of glucose into glycogen (Nigam & Fridland, 1967) , it had a slight stimulatory effect on glucose incorporation from glucose 1-phosphate into glycogen (Table 3) . On the other hand, glycogen synthesis from glucose 6-phosphate was diminished on the addition of arsenate to the homogenate. There was no effect of arsenate on glycogen synthesis from UDP-glucose. When galactose or galactose 1-phosphate was used as glycogen precursor, their incorporation into glycogen was also decreased by arsenate. Addition of EDTA (5mM) in place of arsenate gave exactly the same result.
In subsequent experiments, assay of phosphoglucomutase activity was carried out in the absence Glycogen synthesis from glucose monophosphates and UDP-glUcose in post-mitochondrial fraction of pigeon liver. Table 4 shows the amount of glycogen synthesized from glucose 6-phosphate, glucose 1-phosphate and UDP-glucose by post-mitochondrial fraction of pigeon liver. The effects of arsenate, EDTA, dinitrophenol and AMP on glycogen synthesis by this fraction are also presented. It was observed that glycogen formation from the glucose monophosphates was lower in this fraction as compared with the whole homogenate. Addition of either arsenate or EDTA increased the incorporation of glucose from glucose 1-phosphate into glycogen twofold, whereas it decreased glycogen formation from glucose 6-phosphate. EDTA had no effect, whereas arsenate slightly stimulated glycogen synthesis from UDP-glucose. On the other hand, AMP stimulated glycogen formation from the glucose monophosphates and inhibited slightly the reaction with UDP-glucose as the substrate.
Effect of 2-deoxyglUcose 6-phosphate on glycogen synthesis from glUCcose monophosphates and UDPglucose. 2-Deoxyglucose 6-phosphate (5 and 10mM) was inhibitory to glycogen synthesis from glucose monophosphates in the whole homogenate (Table 5) as well as in the post-mitochondrial liver fraction (not shown), whereas it had a slight stimulatory effect on glycogen synthesis from UDP-glucose.
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DISCUSSION
The present study shows that glucose monophosphates and UDP-glucose can be transformed into glycogen in pigeon liver homogenate by independent routes. Since the initial rate of glycogen formation from glucose phosphates is higher than is obtained with UDP-glucose, conversion of glucose phosphates into UDP-glucose is not a prerequisite for glycogen synthesis from glucose phosphates. However, since glucose 1-phosphate is rapidly converted into UDP-glucose (Zancan & Hers, 1965) it is likely that a part of glucose 1-phosphate forms glycogen after conversion into UDP-glucose. The sum of the two conversions (glucose 1-phosphate --glycogen; glucose 1-phosphates--UDP-glucoseglycogen) would therefore give the total amount of glycogen formed from glucose 1-phosphate in the pigeon liver homogenate.
The inhibition of glycogen synthesis from glucose 1-phosphate by dinitrophenol suggests that aerobic energy is required for the synthesis of glycogen by one or both routes. If it is presumed that aerobic energy is required mainly for UTP generation and subsequent formation of UDP-glucose, the UDPglucose pathway would account for 60-70% of the Vol. 105 GLYCOGEN SYNTHESIS FROM INTERMEDIATES 519 synthesized glycogen from glucose 1-phosphate in pigeon liver homogenate. Since dinitrophenol is more inhibitory to glycogen formation from glucose 6-phosphate, it is possible that transformation of glucose 6-phosphate into glucose 1-phosphate is an energy-dependentreaction. Energymayberequired for pushing the unfavourable equilibrium (95:5 in favour of glucose 6-phosphate formation) towards glucose 1-phosphate formation.
The controlling effect of phosphoglucomutase is further exemplified by the action of arsenate and EDTA on glycogen synthesis from glucose 6-phosphate and glucose 1-phosphate. Tnhibition of phosphoglucomutase by the two compounds leads to loss in glycogen synthesis from glucose 6-phosphate and stimulation from glucose 1-phosphate. It is therefore apparent that, at least in the absence of aerobic energy, glucose 6-phosphate cannot form glycogen without its prior conversion into glucose 1-phosphate. (Beloff-Chain et al. 1964) , rat liver slices (Figueroa & Pfeifer, 1964) and intact Novikoff ascites-hepatoma cells (Nigam, 1967) is not resolved by investigations with pigeon liver homogenate. Although the rates of glycogen formation from glucose and glucose 6-phosphate are different at different periods of incubation, evidence that glucose 6-phosphate is a much inferior precursor of glycogen than glucose has not been obtained. It is possible that in investigations with intact tissues incubation with glucose 6-phosphate results in its breakdown at the cell surface and not enough substrate is available for IDP-glucose-and glycogen-forming enzymes. On the other hand, glucose 6-phosphate, formed from glucose by aerobic ATP, may be compartmentalized and readily available for glycogen synthesis. Theoretical studies by London (1966) (Threlfall, 1966 
